The Met receptor tyrosine kinase and its ligand, hepatocyte growth factor (HGF), are overexpressed and/or activated in a variety of human malignancies. However, its role in epithelial ovarian carcinoma (EOC) has not been clearly elucidated. Therefore, we investigated the role of HGF/c-Met signaling pathway in a large series (156) of Saudi EOC patient samples, a panel of cell lines, and xenografts in a NUDE mouse model. Using immunohistochemistry, c-Met overexpression was found in 27.2% Middle Eastern EOC samples and was associated with an advanced tumor stage (P ¼ 0.0187). c-Met overexpression was also associated with antiapoptotic markers X-chromosome-linked inhibitors of apoptosis (XIAP) (P ¼ 0.0008) and Bcl-XL (P ¼ 0.0493) expression. Treatment of EOC cell lines with PHA665752 causes a dose-dependent inhibition of cell viability and induction of apoptosis. Furthermore, PHA665752 treatment causes dephosphorylation of AKT and downregulation of antiapoptotic proteins XIAP and Bcl-XL. In addition, PHA665752-induced apoptosis occurs through activation of Bax-mediated release of cytochrome c and activation of caspases. Finally, co-treatment of EOC with PHA665752 and cisplatin causes augmented effect on apoptosis of EOC cells and resulted in synergistic inhibition of EOC xenograft tumor growth in NUDE mice. These results indicate that c-Met/HGF pathway may be a potential target for therapeutic intervention for treatment of EOC.
Ovarian cancer is the most lethal of the gynecologic malignancies and this is due in large part to the resistance of recurrent ovarian cancer cells to standard chemotherapeutic strategies. Resistance to apoptotic cell death is a fundamental characteristic of cancer cells, and a primary cause of treatment failure. A critical step in apoptosis is the activation of cysteine-dependent aspartate-specific proteases, the caspases. Once activated, the caspases are responsible for DNA fragmentation and cleavage of numerous critical proteins. Owing to the pathological consequences of deregulated apoptosis, the activation of caspases is under direct and stringent regulation by the inhibitors of apoptosis (IAPs).
1 X-chromosome-linked IAP (XIAP), the most potent member of the IAP family, binds directly to and blocks the activity of caspases 3, 7, and 9, as well as interferes with the Bax/cytochrome c cell death pathway. 2, 3 It is overexpressed in a variety of cancers, including ovarian, [4] [5] [6] and there is accumulating evidence that XIAP is a major contributor to chemoresistance in ovarian cancer cells. Specifically, downregulation of XIAP expression in ovarian cancer cells increased the sensitivity of the cells to cisplatin-and docetaxel-induced cell death. [7] [8] [9] Studies on the efficacy of antisense oligonucleotides against XIAP (AS XIAP) in vivo show that AS XIAP treatment significantly impeded tumor growth or caused tumor regression in xenograft models representing several types of cancer (prostate, lung, colon, and breast) when administered either as a single agent or in combination with clinically relevant chemotherapy. 10, 11 Recently, downregulation of XIAP expression in ovarian cancer cells has resulted in apoptosis in vitro and a prolonged survival time of ovarian cancer-bearing mice. 12 One of the pathways that has been activated in various epithelial cancers and to modulate tumor cell growth and apoptosis is the hepatocyte growth factor (HGF)/c-Met signaling pathway. 13 c-Met, a proto-oncogene, is suggested to be associated with ovarian cancer progression. 14, 15 The c-Met contains a tyrosine kinase domain, which is found to initiate various cell function regulating signals through the AKT signaling pathway. Recent studies suggested that HGF/c-Met tyrosine kinase pathway may be influencing antiapoptosis and cell survival of tumor cells. 16 There is strong evidence for a functional relationship between c-Met and XIAP through AKT in cancer cells: XIAP expression is found to be regulated by HGF/c-Met through AKT activity in several cancers. [17] [18] [19] In this study, we assessed the prevalence of c-Met protein expression, its relation to activated AKT, and its downstream antiapoptotic targets such as XIAP and Bcl-XL in a large cohort of Saudi epithelial ovarian carcinomas (EOCs) using tissue microarray (TMA) technology. We next examined the effect of c-Met inhibition on the EOC cell growth both in vitro and in vivo. We finally investigated the effect of c-Met inhibition on the antitumor activity of conventional chemotherapeutic agent in EOC.
MATERIALS AND METHODS Patient Selection and TMA Construction
A total of 156 patients with ovarian carcinoma diagnosed were selected from the files of the King Faisal Specialist Hospital and Research Centre. All samples were analyzed in a TMA format. The Institutional Review Board of the King Faisal Specialist Hospital & Research Centre approved the study. The patients included in this study had their diagnosis, treatment, and follow-up care in the Departments of Obstetrics and Gynaecology and Oncology at King Faisal Specialist Hospital and Research Centre. The histological subtype of each ovarian tumor sample was determined according to the established criteria. 20 The distribution of tumors by histologic type was as follows: 125 serous (80.1%), 22 endometrioid (13.9%), 4 clear cell (2.7%), and 5 undifferentiated/mixed epithelial (3.3%) types. The median age of the patient population was 56 years with a range from 19 to 86 years. The majority of patients underwent primary surgical staging or cytoreduction. In some patients who were not fit for primary surgery, primary neoadjuvant chemotherapy was followed by interval debulking surgery. The distribution by FIGO stage at diagnosis was as follows: stages I-II in 8 patients (5.1%), stage III-IV in 137 (87.8%), and unknown in 11 (7.1%). The median follow-up time was 14.9 months (range, 1-130 months). Progression-free survival (PFS) was computed from date of surgery for patients who underwent primary cytoreduction and from date of diagnosis by biopsy or cytology in those who underwent primary neoadjuvant chemotherapy. As the majority of patients are lost to follow-up as their disease reaches its terminal stages, it was impossible to determine the overall survival in this specific patient population. TMAs were constructed from formalin-fixed, paraffin-embedded ovarian cancer specimens as described previously. 21 Tumor regions were mapped by a pathologist for scoring. The TMA was constructed with 0.6 mm diameter cores spaced 0.8 mm apart using a modified Tissue Microarrayer (Beecher Instruments, Sun Prairie, WI, USA). The TMA block was cut into 5 mm sections, adhered to the slide by an adhesive tape-transfer method (Instrumedics, Hackensack, NJ, USA), and UV cross-linked.
Immunohistochemistry
Immunohistochemical studies on formalin-fixed, paraffinembedded tissue sections were performed as described in earlier studies. 22 Primary antibodies used, their dilutions, and other information are listed in Supplementary Table. For antigen retrieval, Dako Target Retrieval Solution pH 6.0 (Catalogue number S1700) was used, and the slides were microwaved at 750 W for 5 min and then at 250 W for 30 min. The sections were incubated overnight with c-Met (C-28, rabbit polycloncal Santa Cruz Biotechnology, Santa Cruz, CA, USA) and the Dako Envision Plus System kit was used as the secondary detection system with DAB as chromogen.
In this study, c-Met was categorized based on an intensity scale ranging from 0 to 3. In accordance with the previous reports on c-Met staining in ovarian cancer, overexpression was defined as strong staining (3 þ ) of c-Met in the tumor.
14,23-25 p-AKT, BCL-XL, and XIAP were scored as described previously. 26, 27 Statistical Analysis The JMP7 (SAS Institute, Cary, NC, USA) software package was used for data analyses. Survival curves were generated using the Kaplan-Meier method, with significance evaluated using the Mantel-Cox log-rank test. Risk ratio was calculated using the Cox Proportional Hazard model in both univariate and multivariate analyses. The w 2 tests were used to examine the relationship between nominal variables. The limit of significance for all analyses was defined as a P-value of 0.05.
Cell Lines and Culture Conditions EOC cell lines, MDAH2774, SKOV3, and OVCAR-3 were cultured in RPMI 1640 medium supplemented with 10% (v/v) fetal bovine serum, 100 units/ml of penicillin, and 100 units/ml of streptomycin at 371C in humidified atmosphere containing 5% CO 2 . All experiments were performed in RPMI 1640 containing 5% serum.
AKT, p-Akt, p-JNK, p-STAT-3, p-Erk1/2, p-Jak2, p-Src, p-Lyn, c-Met, XIAP, Bcl-XL, and Bid were purchased from Cell Signaling Technologies (Beverly, MA, USA). Cytochrome c, b-actin, and poly(ADP)ribose polymerase (PARP) antibodies were purchased from Santa Cruz Biotechnology. Caspase 8 antibody was purchased from R&D (Minneapolis, MN, USA). Antibody against active p38 was purchased from Promega (Madison, WI, USA) and p-Met (Y1230/Y1234/ Y1235) antibody was purchased from Invitrogen (Camarillo, CA, USA). Annexin V was purchased from Molecular Probes (Eugene, OR, USA). Apoptotic DNA-ladder kit was obtained from Roche (Penzberg, Germany).
The anti-proliferative effects of PHA665752 against EOC cell lines were determined by the MTT dye uptake method as described earlier. 28 Replicates of three wells for each dosage, including vehicle control, were analyzed for each experiment.
Annexin V/Propidium Iodide Dual Staining EOC cell lines were treated with and without PHA665752 and/or cisplatin as indicated. The cells were harvested and the percentage of cells undergoing apoptosis was measured by flow cytometry after staining with fluorescein-conjugated Annexin V and propidium iodide (Molecular Probes) as previously described. 29 DNA Laddering DNA-laddering assay was performed as previously described. 30 Briefly, cells (2 Â 10 6 ) were treated with and without indicated doses of PHA665752 for 24 h. The cells were harvested and resuspended in 200 ml 1 Â PBS. A total of 200 ml lysis buffer containing 6 mol/l guanidine HCL, 10 mmol/l urea, 10 mmol/l Tris-HCl, and 20% Triton X (v/v; PH 4.4) were added to the cells and incubated for 10 min at room temperature. DNA was extracted using Roche apoptotic kit and 2 mg of DNA was electrophoresed on a 1.5% agarose gel containing ethidium bromide at 75 V for 2 h and visualized using a UV light source.
Cell Lysis and Immunoblotting
Cells were treated with or without PHA665752 and/or cisplatin as described in the legends and lysed as previously described. 31 Proteins (10 mg) were separated by SDS-PAGE and transferred to polyvinylidene difluoride (PVDF) membrane (Immobilon, Millipore). Immunoblotting was performed with different antibodies and visualized by the enhanced chemiluminescence (Amersham) method.
Gene Silencing Using siRNA
Two different c-Met siRNAs (SC-29397 and HSS106477) and scrambled siRNA were purchased from Santa Cruz Biotechnology and Invitrogen (Carlsbad, CA, USA), respectively. Cells were transfected using Lipofectamine 2000 (Invitrogen) for 6 h after which the lipid and siRNA complex was removed and fresh growth medium was added. Cells were lysed 48 h after transfection, and specific protein levels were determined by western blot analysis with specific antibodies.
Detection of Bax Conformational Changes
This assay was performed as described earlier. 32 Briefly, after treatment with indicated reagents for indicated time points, cells were harvested and washed with PBS, after which they were lysed with Chaps lysis buffer (10 mmol/l HEPES (pH 7.4), 150 mmol/l NaCl, 1% Chaps) containing protease inhibitors as described. Protein concentrations were assessed by Bradford assay and 500 mg of total protein were incubated with 2 mg of anti-Bax 6A7 monoclonal antibody for 2 h at 41C. Following incubation, 25 ml of protein G-beads were added into the reaction and incubated at 41C overnight on a shaker with gentle agitation. Following washes in lysis buffer, samples were separated by SDS-PAGE, transferred, and immunoblotted with N20 Bax polyclonal antibody.
Measurement of Mitochondrial Membrane Potential
Cells were treated with and without 5 and 10 mM of PHA665752 for 24 h, washed twice with PBS, and suspended in mitochondrial incubation buffer. JC1 was added to a final concentration of 10 mmol/l and cells were incubated at 371C in dark for 30 min. Cells were then washed twice with PBS and resuspended in 500 ml of mitochondrial incubation buffer, and mitochondrial membrane potential (% of green and red aggregates) was determined by flow cytometry as described previously.
18,33
Assays for Cytochrome c Release The release of cytochrome c from the mitochondria was assayed as described earlier. 18, 33 Briefly, cells were treated with and without PHA665752 as described in figure legends, harvested, and resuspended in hypotonic buffer. Cells were homogenized and cytosolic fraction was isolated by differential centrifugation and 20 mg of protein from cytosolic fraction of each sample was analyzed by immunoblotting using an anti-cytochrome c antibody.
Animals and Xenografts Study
Six-week-old NUDE mice were obtained from Jackson Laboratories (Bar Harbor, ME, USA) and maintained in a pathogen-free animal facility at least 1 week before use. All animal studies were performed in accordance with institutional guidelines. For xenograft study, mice were inoculated subcutaneously into the right abdominal quadrant with 10 Â 10 6 MDAH2774 cells in 200 ml PBS. After 1 week, mice were randomly assigned into four groups: three groups receiving 3 mg of cisplatin, 25 mg/kg of PHA665752, and combination of 3 mg/kg cisplatin and 25 mg/kg PHA665752, respectively, and remaining one group receiving 0.9% saline. The body weight and tumor volume of each mouse was monitored weekly. The tumor volume was measured as described earlier. 34 After 5 weeks treatment, mice were killed and individual tumors were weighted, then snap frozen in liquid nitrogen for storage. Table 1 ). EOC patients with high expression of c-Met had a poor PFS of 15.3 months as compared with 16.4 months with low c-Met expression. However, this was not statistically significant (P ¼ 0.3393) ( Table 1) .
RESULTS

Immunohistochemical
PHA665752 Causes Cell Growth Inhibition and Induces Apoptosis in EOC Cells
We used a panel of EOC cell lines to determine whether inhibition of c-Met tyrosine kinase activity with PHA665752, a c-Met selective inhibitor, leads to growth inhibition of these cancer cells. MDAH2774, SKOV3, and OVCAR-3 cells were treated with 0.5, 1, 5, 10, and 25 mM PHA665752 for 24 h and cell viability was determined by MTT assays. As shown in Figure 2a , PHA665752 caused a dose-dependent growth inhibition in both cell lines. The growth inhibition mediated by PHA665752 treatment was found to be statistically significant (Po0.001, Student's t-test) at most of the doses tested in both cell lines. We also determined the concentration of PHA665752 that inhibits 50% (IC50) of cell growth. The IC50 values calculated from our graphed results were 2.54 mM for 2774, 5.51 mM for SKOV3, and 1.09 mM for OVCAR-3 using PRISM (GraphPad Software) software. Therefore, we decided to use 5 and 10 mM for further experiments.
In subsequent experiments, we determined whether the observed suppressive effects of PHA665752 in MTT assays are due to cell cycle arrest or induction of apoptosis. Both EOC cell lines were treated with 5 and 10 mM PHA665752 for 24 h. The cells were stained and cell cycle fractions were determined by flow cytometry. As shown in Figure 2b , the sub-G1 population of cells increased from 1.05±0.77% in vehicle to 46.88 ± 0.93% and 68.34 ± 2.99% with 5 and 10 mM PHA665752 treatment, respectively, in SKOV3 cells. Similar results were obtained in MDAH2774 (data not shown). These results showed that PHA665752 treatment causes apoptosis in EOC cells. We further used additional Annexin/PI staining and DNA-laddering assays to confirm PHA665752-induced apoptosis in EOC cells. In the following experiments, MDAH2774, SKOV3, and OVCAR-3 cells were treated with PHA665752 and stained with Annexin V/propidium iodide dual staining and apoptosis was detected by flow cytometry. As shown in Figure 2c , there was a dose-dependent increase in the apoptotic cells in both cell lines as seen by an increase of cells in the upper right quadrant depicting apoptotic cells. Treatment with 5 and 10 mM PHA665752 of MDAH2774 resulted in 76.56 ± 4.38 and 95.26 ± 5.79% apoptosis, respectively, SKOV3 showed 59.28 ± 1.33 and 85.61 ± 3.21% apoptosis, respectively, whereas OVCAR-3 showed 62.88 ± 2.66 and 79.73 ± 2.36%, respectively (Figure 2d ). Finally, the analysis of DNA fragmentation, a hallmark of apoptosis, was used for further confirmation of PHA665752-induced apoptosis. MDAH2774 and SKOV3 cells were treated with various doses of PHA665752 as indicated for 24 h. DNA was isolated using apoptotic DNA-ladder kit from Roche. As shown in Figure 2e , PHA665752 caused a dose-dependent fragmentation formation of DNA, a characteristic of apoptotic cell death. These results suggest that suppression of growth by PHA665752 in EOC cells is through induction of apoptosis.
Constitutive Expression of c-Met and Activation of p-AKT Signaling Pathway in EOC Cells
As it has been previously reported that c-Met in SKOV3 was overexpressed compared with immortalized ovarian surface epithelial (IOSE) cell lines IOSE-T and IOSE-29, 35 here we first performed the experiment to determine whether constitutive c-Met levels in MDAH2774 and OVCAR-3 cells are also overexpressed as SKOV3 through comparing the expression levels of c-Met among MDAH2774, OVCAR-3, and SKOV3 cell line cells. MDHA2774, OVCAR-3, and SKOV3 cells in exponential growth were lysed and proteins from each sample was separated on SDS-PAGE and transferred to PVDF membrane, and immunoblotted with antibodies against c-Met. As shown in Supplementary Figure 1 , similar to SKOV3, c-Met is also highly expressed in MDAH 2774 and OVCAR-3.
Previous studies showed that PHA665752 may downregulate other RTK pathways, which may be involved in apoptosis. 16 Hence, we sought to determine whether PHA665752 affects the phosphorylation of other RTKs at the selected doses. MDAH2774 and SKOV3 cells were treated with 0.5, 1, 5, 10, and 20 mM PHA665752 for 4 h. Cells were lysed and proteins were separated on SDS-PAGE and immunoblotted with antibodies against p-P38, p-STAT-3, p-JNK, p-Jak2, p-Lyn, p-Erk1/2, and p-Src. As shown in Supplementary Figure 2 , a dose-dependent reduction was seen only on the phosphorylation of c-Met. The level of phospho-p38, phospho-JNK, phospho-STAT-3, phosphoJak2, phospho-Lyn, phospho-Erk1/2, and phospho-Src remained unaffected, indicating that PHA665752 specifically inhibited the phosphorylation of c-met. 
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p-Met and p-AKT. PHA6657525 treatment of EOC cell lines also inhibited constitutively phosphorylated FOXO1 and GSK3 (data not shown), downstream targets of AKT pathway. In addition, PHA6657525 treatment of EOC downregulated the expression of antiapoptotic genes, XIAP, and Bcl-XL. These data suggest that PHA665752-mediated apoptosis signaling involves c-Met signaling pathway in EOC cells.
To further confirm the mechanism of c-Met-mediated activation of AKT, we treated MDAH2774 cells with 100 ng/ml HGF in the presence and absence of 5 mM PHA665752. Our data showed that HGF phosphorylates c-Met as well as AKT, and pretreatment of MDAH2774 cells with PHA665752 abrogates phosphorylation of c-Met and AKT (Supplementary Figure 3) .
In addition, we determined whether treatment of EOC cells with HGF induces upregulation of XIAP. MDAH2774 cells were treated with 100 ng/ml HGF for 3, 6, 12, and 24 h. Cells were lysed and proteins were separated on 
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R Bu et al SDS-PAGE and immunoblotted with antibody against XIAP. As shown in Supplementary Figure 4a , XIAP upregulated at translational level starting at 3 h HGF treatment, and maintained the higher expression level until 24 h. In concordance with a previous report in colorectal cancer, 19 upregulation of XIAP expression at transcriptional level was also observed after treatment of MDAH2774 with HGF (data not shown). We next examined whether HGF induces upregulation of XIAP through activation of AKT. MDAH2774 cells were pretreated with 100 ng/ml HGF for 6 h, and then treated with or without 100 mM AKT inhibitor for 24 h. Cell lysates were separated on SDS-PAGE and immunoblotted with antibody against XIAP. As shown in Supplementary Figure 4b 
PHA665752 Enhanced Antitumor Effects of Cisplatin in EOC
Cisplatin is a widely used chemotherapeutic agent against various human solid tumors, but its nephrotoxicity and neurotoxicity often limit the treatment. 38, 39 Recent studies have shown that cisplatin induces apoptosis and is enhanced in combination with quercetin and curcumin. 40 We, therefore, sought to determine whether combination of subtoxic doses of PHA665752 and cisplatin enhances the antitumor effect in EOC cells. MDAH2774 cells were treated with 2.5 mM PHA665752, 10 mM cisplatin alone or in combination of those two agents for 24 h. Cells were subsequently stained with fluorescein-conjugated Annexin V and propidium iodide, and analyzed by flow cytometry. As shown in Figure 3c , 2.5 mM PHA665752 alone induced 12.51 ± 4.5% apoptosis and 10 mM cisplatin alone induced 22.43 ± 8.52% apoptosis. Combination of PHA665752 and cisplatin together induced 98.54±0.53% apoptosis. We next examined the status of p-Met and caspase 3 as apoptotic indicator. MDAH2774 cells were treated with 2.5 mM of PHA665752, 10 mM cisplatin alone in combination for 24 h. Cell lysates were separated on SDS-PAGE and immunoblotted with antibodies against pMet, caspase 3 and cleaved caspased 3. As shown in Figure  3d , the expression of p-Met and caspase 3 was significantly decreased, and the level of cleaved caspase 3 was remarkably increased with combination treatment as compared with treated alone. These results clearly suggest that PHA665752 magnifies anticancer effect of cisplatin in EOC cells.
PHA665752 Induces Apoptosis through Involving Mitochondrial Pathway and Activation of Caspases in EOC Cell Lines
Next, we sought to determine whether inhibition of c-Met signaling involves the mitochondria-mediated apoptotic pathway in the ovarian cancer cells. We first examine the activation of Bax in response to PHA665752 treatment of EOC cell lines. As shown in Figure 4a , inhibition of c-Met led to conformational changes and activation of Bax protein starting at 4 and 8 h of PHA665752 treatment in both EOC cell lines. We then tested the effect of PHA665752 on mitochondrial membrane potentials in these cells. As shown in Figure 4b , treatment of both cell lines with PHA665752 resulted in loss of mitochondrial membrane potential as measured by JC1-stained green fluorescence depicting apoptotic cells. We then sought to study the release of cytochrome c from mitochondria into cytosole in response to PHA665752 in EOC cells. As shown in Figure 4c , higher level of cytochrome c was measured in cytosolic and lower level in mitochondrial fraction in both cell lines after PHA665752 treatment. Finally, we sought to determine whether PHA665752-induced release of cytochrome c is capable of activation of caspase 9, caspase 3, and cleavage of PARP. Figure 5a shows that PHA665752 treatment resulted in the activation of caspase 9, caspase 3, and cleavage of PARP in MDAH2774, SKOV3, and OVCAR-3 cell lines in dose-dependent manner. Furthermore, PHA665752 treatment resulted in activation of caspase 8 leading to truncation of Bid in MDAH2774 and SKOV3 cell lines tested, as inferred by decreased intensity of full-length Bid band (Figure 5b) . In additional pretreatment of MDAH2774 with 80 mM z-VAD/fmk, a universal inhibitor of caspases, followed by PHA665752 treatment, abrogated apoptosis from 94.9±1.12 to 22.02±2.9% in MDAH2774 cells as well as prevented caspase 3 and PARP activation induced by PHA665752 (Figure 5c and d) . These results clearly indicate that inhibition of c-Met by PHA665752 causes apoptosis through activation of mitochondrial (intrinsic) apoptotic pathway in EOC cells.
In Vivo Activity of PHA665752 against EOC Cells Xenograft Our observation that PHA665752 augmented cisplatin-induced apoptosis in EOC MDAH2774 cells suggests that potential for therapeutic responses for treatment of EOC.
Therefore, we sought to determine whether co-treatment of PHA665752 with cisplatin potentiates the inhibition of EOC xenograft tumor in NUDE mice. NUDE mice were inoculated subcutaneously 10 million of MDAH2774 cells. Mice were then treated with 25 mg/kg PHA665752, 3 mg/kg cisplatin alone, combination of these two agents, or vehicle DMSO (n ¼ 6). After 5 weeks of treatment, mice were killed and tumors were collected. As shown in Figure 6a , there was significant regression of tumor volume at the end of third week in the group of animal treated with PHA665752 and cisplatin (P ¼ 0.0175) together, and the effect was more profound at the end of fifth week. A significant reduction in tumor weight (Figure 6b ) was also observed in mice treated with combination of PHA665752 and cisplatin (P ¼ 0.002). In addition, images of tumor after necropsy showed that treatment of these two agents resulted in significant shrinkage of tumor size in NUDE mice (Figure 6c ). We further analyzed the status of phosphorylation of c-Met, AKT, and XIAP in MDAH2774 xenograft treated with PHA665752 and cisplatin alone, and group of these two agents. As shown in Figure 6d , the level of p-Met, caspase 3, PARP, XIAP, and Bcl-XL was remarkably deceased, and level of cleaved caspase 3 was significantly increased in tumors of mice treated with PHA665752 and cisplatin, compared with vehicle, PHA665752 alone, and cisplatin alone. Our data indicate that PHA665752 treatment augmented antitumor effects of cisplatin in MDAH2774 cell xenografts in NUDE mice.
DISCUSSION
HGF has a major role in tumor proliferation, migration, invasion, and metastasis through c-Met pathway in a variety of cancers. 13, 41 Tumorigenic activity of c-Met depends on deregulation of the HGF/c-Met signaling pathway that results in phosphorylation and activation of AKT. [14] [15] [16] AKT has an important role in cell survival and antiapoptosis through modulating the expression of antiapoptotic genes. XIAP is an important member of IAP family and its expression correlates not only with antiapoptotic potential, but also with tumor proliferation, metastasis, poor prognosis, and chemotherapeutic resistance in various carcinomas including EOC. 12, [42] [43] [44] Recent studies have highlighted the role of HGF/c-Met in regulating XIAP through AKT pathway in colorectal cancer. 19 We hypothesized that this functional link might exist between c-met and antiapoptotic proteins such as XIAP and Bcl-XL in the pathogenesis of EOC. This hypothesis was confirmed when we found a tight linkage between c-MET and XIAP expression by immunohistochemistry in TMA cohort of 156 Middle Eastern EOC. Although EOC with advanced stage constituted a significant majority of the EOC subset with c-Met overexpression (27%), c-Met expression did not influence the disease-free survival. Although c-Met expression has been associated with worse outcome in earlier studies, 14 Di Renzo et al 45 found no differences in the survival of Though it has been reported that in some experimental conditions including long-term pretreatment (48 h or more) with HGF, 46, 47 HGF sensitizes ovarian carcinoma cell lines to cisplatin and paclitaxel mediated by p38 mitogen-activated protein kinase, it is worth noting that HGF does not induce apoptosis by itself, indicating that this role is to facilitate apoptosis triggered by the chemotherapeutic agents. 48 Our data are consistent with that HGF protects cells from apoptosis induced by chemotherapeutic agents, radiation, growth factor deprivation, etc in most physiologic and pathologic scenarios. [49] [50] [51] HGF has been known to activate AKT through the c-Met signaling pathway. 17, 52 We and others have shown that activated AKT (phosphorylated AKT) negatively regulates apoptotic pathways. 53, 54 In particular Uddin et al 30 showed Furthermore, our in vitro data confirm a sensitivity of EOC cells to c-Met inhibition and this apoptotic response is significantly enhanced after combination therapy using cisplatin with PHA665752. Such selectivity suggests that c-Met inhibitor may be new candidate of chemotherapeutic agent for EOC treatment alone or in combination with other conventional chemotherapeutic agents.
Together, we have shown that c-Met is overexpressed in advanced Middle Eastern EOC and is strongly correlated with XIAP overexpression. Functionally, we have shown that XIAP is regulated by HGF/c-Met/AKT pathway in EOC cell lines. These studies may have important implication for treatment of EOC patient and pave the way to overcome chemotherapy resistance by targeting HGF/c-Met signal pathway.
Our data indicate that c-Met overexpression is linked to activation of antiapoptotic markers XIAP and Bcl-XL through AKP phosphorylation in Middle Eastern EOC, inhibition of c-Met by PHA665752 causes apoptosis through activation of mitochondrial apoptotic pathway in EOC cells, and inhibition of c-Met with PHA66572 synergizes with chemotherapeutic drug, cisplatin, suggesting that c-Met/HGF pathway may be a potential target for therapeutic intervention for treatment of EOC.
